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Description 



HIGH PERFORMANCE CMOS DEVICE 
STRUCTURES AND METHOD OF 
MANUFACTURE 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is related to commonly-owned, co-pending application serial 
number 10/277,907, filed 10/21/2002, "Semiconductor Device Structure 
Including Multiple FETs Having Different Spacer Widths", Fung et al., which 
is hereby incorporated in its entirety by reference. 

BACKGROUND OF INVENTION 

[0002] The present invention relates to semiconductor device structures and, more 
particularly, to FET device structures formed on the same substrate, and to 
methods for their manufacture. 

[0003] In CMOS technologies, nFET and pFET devices are optimized to achieve 
required CMOS performance. The dopant species used for nFET and pFET 
devices have different physical properties, accordingly. For example, 
diffusivity and maximum active concentration vary significantly for different 
dopant species. In conventional CMOS technologies, nFET and pFET share 
the same spacer process for the source/drain implant. The common spacer 
process forces the source-drain implant to have the same off-set distance 
from the edge of the gate electrode for both nFET and pFET. In order to 



optimize CMOS performance, the spacers typically are of one width and are 
designed to trade-off the performance between nFET and pFET. For 
example, if Arsenic and Boron are used as the source/drain dopants for 
nFET and pFET, respectively, it is known that a narrower spacer is better for 
nFET, because the shorter distance between source and drain results in an 
increased drive current, but a much wider spacer is needed for the pFET, 
because the increased diffusivity of Boron compared to Arsenic results in a 
degraded short channel effect control for the pFET. In this case, the pFET is 
a limiting factor because good short channel effect control is a strict 
requirement for a CMOS technology. Thus, the maximum width of all 
spacers is optimized for pFET, trading-off the nFET performance. See, for 
example, U.S. Patent No. 5,547,894 (Mandelman et al., issued 08/20/1996, 
entitled "CMOS Processing with Low and High-Current FETs"); U.S. Patent 
No. 4,729,006 (Dally et al., issued 03/01/1998, entitled "Sidewall Spacers for 
CMOS Circuit Stress Relief/Isolation and Method for Making"); and U.S. 
Patent No. 4,648,937 (Ogura et al., issued 03/10/1987, entitled "Method of 
Preventing Asymmetric Etching of Lines in Sub-Micrometer Range Sidewall 
Images Transfer"); which are all incorporated by reference herein in their 
entireties. 

[0004] It is a problem, therefore, to optimize spacer width and FET performance for 
both the nFET and the pFET on the same substrate. 

[0005] One known method of improving drive current without degrading the short 
channel effect control is to improve charge carrier mobility. It is known that 
for devices oriented so that the current flows along the 1 1 0 direction, which 
is the industry standard, stress applied along the direct of current flow can 



influence charge carrier mobility. Specifically, compressive stress applied 
along the direction of current flow (longitudinal direction) increases hole 
mobility while tensile stress applied in the longitudinal direction increases 
electron mobility. Although longitudinal compressive stress increases hole 
mobility, the same longitudinal compressive stress degrades electron 
mobility. A similar phenomenon is true for longitudinal tensile stress. Tensile 
stress applied in the longitudinal direction degrades hole mobility. 

[0006] It is also known that hole mobility is not degraded when tensile stress is 
applied along the longitudinal direction if the device is oriented so that the 
current flows along the 100 direction. See, for example, U.S. Patent 
Application No. 2002/0063292 A1 , entitled "CMOS Fabrication Process 
Utilizing Special Transistor Orientation" by Armstrong et al., filed 1 1/29/2000, 
published 05/30/2002, which is hereby incorporated in its entirety by 
reference. However, this prior art method requires major design 
modifications to orient the devices along different directions. In addition, this 
method apparently is only directed at improving mobility for nFETs and has 
no provisions for improving mobility for pFETs. Because performance is 
improved for only one device and overall circuit performance depends on the 
performance of both devices, the overall benefit will be limited. While it has 
been possible to improve mobility for one device, it has been difficult to 
improve mobility for both devices at the same time. 

[0007] Therefore, a method of improving electron and hole mobility on the same 

substrate would be beneficial. It would be even more beneficial if the method 
of improving electron and hole mobility simultaneously provided a means for 
reducing (preferably, eliminating) the trade-off problem between short 



channel effect control for the pFET and drive current increase for the nFET. 

[0008] The present invention solves these problems by using a dual-spacer width in 
combination with film stress optimization for the spacer and etch stop films. 
This combination permits optimizing nFET and pFET device performance 
independently while simultaneously improving charge carrier mobility for 
both electrons and holes on the same substrate. 

[0009] It is a principal object of the present invention to optimize performances of 
two different MOS devices having a common semiconductor substrate. 

[001 0] It is an additional object of the present invention to optimize independently 
the performances of an nFET device and a pFET device formed on one 
substrate. 

[001 1 ] It is a further object of the present invention to increase the drive current 

performance of an nFET device while decreasing short channel effects in a 
pFET. 

[001 2] It is yet another object of this invention to increase charge carrier mobility for 
electrons and holes on the same substrate. 

SUMMARY OF INVENTION 

[001 3] According to the present invention, a semiconductor device structure 

includes at least two field effect transistors and a barrier etch stop layer. 
More specifically, the semiconductor device structure includes a pFET 
device with a spacer, formed with a compressive film, which spacer is wider 
than the spacer for an nFET device. In addition, the semiconductor device 



structure contains a barrier etch stop layer that is formed from a tensile film. 

[001 4] The present invention also includes a method (process) for fabricating the 
semiconductor device structure. 

BRIEF DESCRIPTION OF DRAWINGS 

[001 5] These and other objects, advantages and aspects of the invention will be 
better understood by the following detailed description of a preferred 
embodiment when taken in conjunction with the accompanying drawings. 

[001 6] Fig. 1 is a side schematic view of two MOSFETs having different spacer 
widths, with at least the wider spacer formed from a compressive film, 
adjacent to each other on the same substrate, and a tensile spacer etch stop 
layer 90, all according to the present invention. 

[001 7] Fig. 2 is a side schematic view of n-type MOSFET having a narrower spacer 
and p-type MOSFET having a wider spacer (formed from a compressive 
film) adjacent to each other on the same substrate, and a tensile etch stop 
layer 80, all according to the present invention. 

[001 8] Fig. 3(a) is an inverter circuit schematic, and Fig. 3(b) is a top plan view of 
an on-wafer (on-substrate) layout of the inverter circuit having the dual width 
spacers with at least the larger spacer formed from a compressive film 
according to the present invention. 

[001 9] Fig. 4 is a side schematic view of a partially processed MOSFET device 
structure with gate stacks 200, optional extension spacers 210, extension 
implants 215 and isolations 190. 



[0020] Fig. 5 shows the structure of Fig. 4, after a compressive dielectric film 220 is 
deposited. 

[0021] Fig. 6 shows the structure of Fig. 5, after a dielectric film having low stress 
230 is deposited. 

[0022] Fig. 7 shows the structure of Fig. 6, after a photoresist 240 is patterned. 

[0023] Fig. 8 shows the structure of Fig. 7, after an exposed part of the dielectric 
film having low stress 230 is removed, and the photoresist 240 is removed. 

[0024] Fig. 9 shows the structure of Fig. 8, after a directional etch forms spacer(s) 
260 comprising the dielectric film having low stress 230 only on the pFET 
side. 

[0025] Fig. 1 0 shows the structure of Fig. 6, after a directional etch forms spacer(s) 
270 comprising dielectric film having low stress 230 on both nFET and pFET. 

[0026] ]g. 1 1 shows the structure of Fig. 10, after a photoresist 280 is patterned. 

[0027] Fig. 1 2 shows the structure of Fig. 1 1 , after an exposed part (nFET side) of 
dielectric with compressive stress 230 is removed, and the photoresist 280 is 
removed. 

[0028] Fig. 13 shows the structure of Fig. 12 or Fig. 9, after a directional etch forms 
a narrow spacer 300 on the nFET side and a wide composite spacer 290 on 
the pFET side. 

[0029] Fig. 1 4 shows the structure of Fig. 1 3, after source/drain implants 31 0,320, 
silicide formation 330, and formation of a tensile dielectric film comprising a 



barrier etch stop layer 340. 

[0030] Fig. 1 5 is a cross-sectional schematic view of the inventive structure shown 
in Fig. 14, but further clarifying preferred features S1 , S2 and layer 340 of 
the invention. 

DETAILED DESCRIPTION 

[0031 ] The present invention is described with the final structures (Figs. 1 , 2, 1 4, 
15) first, and then with the preferred process sequence. Silicide formations 
330 are not shown in Figs. 1 , 2 for convenience only, but would preferably 
by present as shown in Figs. 14, 15. 

[0032] Fig. 1 shows a semiconductor device structure including two MOSFETs 1 00, 
110 formed on the same semiconductor substrate 10 having two different 
spacers 120, 130, and a tensile stress layer 90 disposed on the at least two 
MOSFETs 1 00, 1 1 0. Spacer 1 20 has a smaller width (W1 ) than the width 
(W2) of spacer 130. MOSFETs having different spacer widths are taught, for 
example, in commonly-owned, co-pending patent application serial number 
1 0/277,907, previously incorporated herein by reference. According to an 
essential aspect of this structure, at least each spacer 130 is formed from a 
compressive dielectric film such as a PECVD silicon nitride. The substrate 
1 0 is a bulk wafer, SOI wafer, GaAs or any type of suitable semiconductor 
substrate. The number of different spacer widths can be more than two, if 
necessary to meet the needs of different transistors. 

[0033] According to a preferred aspect of this invention, there are different spacer 
widths W1 , W2 for an nFET 1 40 and a pFET 1 50 as shown in Fig. 2. The 



pFET 150 has each spacer 170, formed from a compressive dielectric film, 
which is wider than each spacer 1 60 for nFET 1 40, which spacer 1 60 may 
be formed from the same compressive film as the spacer 1 70 for the pFET. 
The spacers 120, 130, 160, 170 are schematically shown as single spacers 
for discussion, but are understood alternatively to include multiple layers or 
parts (composite spacers). 

[0034] The wide compressive spacers 1 70 induce a compressive stress C in the 
channel for the pFET, along the same longitudinal direction L as an 
operational current flow. The longitudinal stress increases the carrier mobility 
for holes which significantly improves the drive current for the pFET 150 
without degrading the short channel effect control. Because spacer width W2 
for the pFET is independently controlled compared to the spacer width W1 
for the nFET 140, separate performance optimization for both devices is 
attainable. The narrower spacer 160 allows the optimization of the 
source/drain implant N+ in nFET 140 in order to minimize known series 
resistance. In the preferred embodiment, the same compressive stress 
material (such as a SiN film) is used to form the spacers 1 60, 1 70. In this 
case, the narrow spacer 1 60 is not capable of inducing appreciable amounts 
of compressive stress to the nFET 140 due to its small size. Preferably, a 
maximum width for W1 is in a range of about (±1 0%) 1 0 nm to about 30 nm. 
Thus, the narrow compressive spacer 1 60 does not degrade the drive 
current for the nFET 140. A tensile barrier etch stop layer 80, such as CVD 
or PECVD SiN, is applied to the entire wafer. The barrier etch stop layer 80 
is tensile, and each pFET spacer 170 is wide and has a film thickness of 
about 20nm to about 50 nm. This condition prevents the tension from 
materially adversely influencing the charge carrier mobility in the pFET 150. 



Because the spacers for the nFET 160 are narrow, the longitudinal tension T 
imposed by the barrier etch stop layer 80 has a significant influence on the 
charge carrier mobility for the nFET 140. The combination of the narrow 
spacer 1 60 for the nFET and the tensile barrier etch stop layer 80 for the 
entire device structure results in performance improvement for nFET 140 
above any improvement caused by the narrow spacer 1 60 alone. In addition, 
the pFET 150 experiences a performance improvement due to the wide 
compressive spacer 170 enhancing hole mobility in the pFET channel. 

[0035] Fig. 3(a) and Fig. 3(b) show an example of a circuit and layout using this 

invention. Fig. 3(a) shows the circuit schematic of an inverter, while Fig. 3(b) 
shows a corresponding on-wafer layout. In the figures 3(a) and 3(b), the 
pFET 150 is shown on the top of nFET 140. The compressive spacer width 
changes from wide in the pFET region to narrow in the nFET region. The 
transition region R is located approximately (±1 0%) in a middle region 
between the two devices 140, 150. The tensile etch stop layer 80 is shown 
over the entire device region or structure. 

[0036] Fig. 4 to Fig. 1 4 show two alternative preferred process flows according to 
the present invention. Both flows start with Fig. 4 where isolations 190, gate 
stacks 200, extension implants 215 and (optional) extension spacers 210 are 
formed in any conventional manner. Spacer 21 0 has a typical substantially 
small width in a range of about 3 nm to about 20 nm. Then, a compressive 
dielectric film 220 (e.g., PECVD nitride) is deposited (see Fig. 5). Other 
materials for the film 220 are, for example, oxidized amorphous Si or poly-Si, 
Si0 2 or SiON. Film 220 has a substantially (±10%) uniform thickness in a 
range of about 20 nm to about 90 nm. Then, a second dielectric film with low 



stress 230 (e.g., CVD oxide) is also deposited (see Fig. 6). Other materials 
for the film 230 are, for example, SiON. Film 230 has a substantially uniform 
thickness in a range of about 3 nm to about 20 nm. In the first process flow, 
conventional lithography is applied (Fig. 7). A photoresist 240 covers the 
pFET side. Then part of the dielectric film with low stress 230 exposed is 
removed by conventional wet etch or dry etch (Fig. 8). Photoresist 240 is 
removed. This step leaves another part of the dielectric film with low stress 
230 remaining only on the pFET side. Then, a directional etch is used to 
form a compressive spacer(s) 260 on only the pFET side (Fig. 9). 

[0037] The same intermediate structure (Fig. 9) is achieved by an alternative 

process flow. Start from Fig. 6, wherein the second dielectric film with low 
stress 230 is deposited. Then, a directional etch is applied to form spacers 
270 on both nFET and pFET with the dielectric film with low stress 230 (Fig. 
1 0). Then, lithography is applied (Fig. 1 1 ). A photoresist 280 covers the 
pFET side and the spacers 270 on the nFET side are removed (Fig. 12). The 
photoresist 280 is removed, which results in spacers 270 only on the pFET 
side. The structure at this stage is, for example, identical to the one from 
previous flow (Fig. 9). 

[0038] Another directional etch of the first compressive dielectric film 220 from 
either structure in Fig. 9 or Fig. 12 results in narrow compressive spacers 
300 on the nFET side and wide composite compressive spacers 290 on the 
pFET side. The final structure (Fig. 14) is formed after n-type 310 and p-type 
320 source/drain formations, silicide formations 330, with conventional 
techniques, and deposition (e.g., CVD or PECVD nitride) of the tensile 
barrier etch stop layer 340. The layer 340 is preferably disposed over the 



entire structure, and has a substantially uniform thickness in a range of 
about 25 nm to about 100 nm. 

[0039] To recapitulate the alternative preferred process steps according to the 
present invention: 

[0040] 1 ) Provide starting wafer substrate (e.g., bulk, SOI, GaAs). 

[0041] 2) Perform conventional CMOS device processing: Device Isolation; Gate 
Stack Formation; Extension Implants. 

[0042] 3) Deposit compressive dielectric film 220 (e.g., PECVD nitride). Film 

thickness should be optimized to result in a highest possible nFET drive 
current. The nitride thickness determines the final silicide 330 to polysilicon 
gate spacing S1 (Fig. 15) and also determines the distance of the tensile 
barrier etch stop layer 340 to the nFET channel. The poly to silicide spacing 
S1 is critical to achieving high nFET drive current -- saturated drive current 
output at drain. The level of compression in the film 220 is proportional to the 
drive current output for the pFET. The compressive stress in the film should 
be in the range of approximately (±10%) -3E9 dynes/cm 2 to approximately 
-3E1 1 dynes/cm 2 . Deposited thickness of film 220 in a range of about 10 nm 
to about 40 nm is preferable. 

[0043] 4) Deposit second dielectric film with low stress 230 (e.g., CVD oxide). This 
film thickness is chosen to independently optimize pFET short channel effect 
control. The film 230 thickness determines the final silicide to poly gate 
spacing S2 (Fig. 15). The stress level along with the thickness of the film 
also defines a neutral buffer layer between the compressive spacer and the 



tensile etch stop layer. Thickness optimization of this film allows the 
compressive spacer for the pFET to have maximum influence on the pFET 
channel mobility and minimizes the influence of the tensile barrier etch stop 
layer 340. The stress level in the film 230 should be in the range of -2E9 
dynes/cm 2 to 2E9 dynes/cm 2 . The film 230 thickness in a range of about 20 
nm to about 200 nm can be chosen. 

[0044] A spacer using the second dielectric film with low stress 230 covering only 
the pFET devices can now be formed using, e.g., two alternative methods. 

[0045] Process Option #1 

[0046] 5a) Pattern photoresist 240 to cover pFET device(s) and expose nFET 
device(s). The second dielectric film with low stress 230 is now removed 
from nFET devices via a wet or dry etch. Photoresist 240 is removed by 
conventional methods. The second dielectric film with low stress 230 now 
covers only the pFET device(s). 

[0047] 5b) A directional etch is used to form a spacer from the second dielectric film 
with low stress 230. This spacer 260 is formed only on the pFET devices. 

[0048] Process Option #2 

[0049] 5aa) A directional etch is used to form spacers 270 from the second 

dielectric film with low stress 230. These spacers with low stress are formed 
on both nFET and pFET devices. 



[0050] 



5bb) Pattern photoresist to cover pFET devices and expose nFET devices 
(Fig. 11). The low stress spacer is removed from the nFET devices via wet 



or dry etch (Fig. 12). The spacer formed using the second dielectric film with 
low stress covers only the pFET devices. 

[0051] 6) A second conventional etch is used to form a narrow, compressive, 
l-shaped spacer 300 on the nFET device and a wider, compressive, 
L-shaped spacer 290 on the pFET device. 

[0052] 7) The final structure is formed after n-type and p-type source/drain 

formation, silicide formation and deposition of a tensile barrier etch stop layer 
340. The stress level of the tensile barrier etch layer is proportional to the 
channel mobility of the nFET. The stress level of the tensile barrier etch stop 
layer 340 is preferably in a range of about 4E9 dynes/cm 2 to about 4E1 1 
dynes/cm 2 . Layer 340 preferably has a substantially (±10%) uniform 
thickness in the range of about 25 nm to about 1 00 nm. 

[0053] Preferably: a maximum spacing for S1 is in a range of about 50 nm; a 

maximum spacing for S2 is in a range of about 1 00 nm; a maximum width for 
W1 is in a range of about 40 nm, a maximum width for W2 is in a range of 
about 90 nm. 

[0054] While there has been shown and described what is at present considered a 
preferred embodiment of the present invention, it will be readily understood 
by those skilled in the art that various changes and modification may be 
made therein without departing from the spirit and scope of the present 
invention which shall be limited only by the scope of the claims. 



[0055] 



What is claimed is: 



